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Description 

Background of the Invention 

The present invention relates to an apparatus 
and method for removing dissolved oxygen from 
aqueous fluids on a continuous basis. 

It is well known that the presence of oxygen in 
continuous fluid processes, as well as the products 
produced thereby, can cause a great deal of det- 
rimental damage. For example, beverages and food 
products produced by on-line bottling or canning 
processes, such as fruit juices, soft drinks, beer, 
wine, milk, soups, vegetable juices, and pastes, 
etc. may be unstable over even a relatively short 
period of time due to undesirable changes pro- 
duced by oxidative deterioration. In this regard, 
among the oxidative changes which beverages and 
food products incur over time include changes in 
color, consistency, and flavor. Since these changes 
in the 4 beverages and food products greatly de- 
crease the product's marketability, it is desirable to 
reduce the presence of oxygen in the overall prod- 
uct. 

Furthermore, if oxygen is present in the bev- 
erage and/or food product during bottling or can- 
ning, the oxygen included in the product can also 
cause deterioration of the container's plastic or 
metal lining, packaging, etc. Thus, in modern bev- 
erage and food product preparation systems, it is 
desirable to remove the extraneous oxygen from 
the fluids to greatly increase the shelf life of the 
packaged product prior to and/or during on-line 
processing. 

This is particularly important in modern brew- 
ing operations, wherein the feed stock must be 
almost completely deoxygenated in that the pres- 
ence of even a small fraction of oxygen can result 
in an unacceptable product. As a result, in modern 
beverage and food product operations, various 
deoxygenating devices including vacuum systems, 
oxygen-purging apparatuses, etc. are used to ex- 
tract the oxygen. 

Along this line, vacuum deareators have been 
commercially available for some time and have 
been used to lower the oxygen level in liquid 
products. Similarly, beverages and food stuffs have 
also been subject to gas-flushing. However, vacu- 
um deareators and gas flushing apparatuses are 
fairly expensive and they do not necessarily reduce 
the dissolve oxygen content to an acceptable level. 
Furthermore, these apparatuses have some 
drawbacks in that the oils and lubricants used 
therein sometimes find their way into the fluids 
being treated. The inclusion of even a small 
amount of such harmful agents within the beverage 
and/or food product can produce undesirable color 
and/or flavor changes in the overall product, as well 



as toxic effects. 

In addition, in order to remove some of the 
oxygen which slips by the vacuum deareators 
and/or the gas-flushing apparatuses, it is some- 

5 times desirable to add various chemical antiox- 
idants to the beverage or food product. However, 
the consuming public is becoming much more con- 
cerned about the uses of chemicals and preserva- 
tives in foods and beverages including antioxidants, 

ro etc. Hence, it would be desirous to produce a 
process which removes oxygen from fluid streams 
without causing any harmful effects to the end 
product. 

Moreover, the presence of oxygen in various 

75 industrial processes also produces a great deal of 
harm. In this regard, dissolved oxygen has been 
identified as a contributor in the corrosion of heat- 
ing and cooling systems, such as boiler ap- 
paratuses and the primary and secondary coolant 

20 systems of nuclear power plants. It has been in- 
dicated that even low levels of dissolved oxygen 
(i.e. less than 20 parts of oxygen in one million 
parts of water) can contribute to the oxidation of 
the iron, copper, aluminum, brass, and other metal- 

25 lie components of these heating and cooling sys- 
tems. The deoxygenation of water in fluids utilized 
in these systems is known to reduce corrosion and 
thereby extend equipment life, reduce pipeline and 
equipment costs, and lower overall maintenance. 

30 Furthermore, it is also quite desirous to remove 
oxygen from various manufacturing processes. This 
is particularly true in a number of chemical pro- 
cesses, wherein the presence of oxygen can im- 
pede chemical reactions, his well as create un- 

35 desirable side products. Similarly, in pharmaceuti- 
cal processes, it is often quite beneficial to remove 
oxygenated compounds to avoid degradation, con- 
tamination, etc. Some of this technology is now 
being applied to new areas of research concerning 

40 biotechnology and semiconductor production where 
use of "ultra-pure" water is required. 

Moreover, in various treatment processes, it is 
also advantageous to remove oxygen from the 
waste products in order to enhance anaerobic deg- 

45 radation. Anaerobic bacteria degradation systems 
are utilized in a wide variety of residential and 
industrial sewage treatment facilities. In addition, 
large manufacturers also utilize anaerobic bacteria 
degradation processes to break down various 

so waste streams. In order to enhance the degradation 
of these waste products, it is important to maintain 
an overall anaerobic or deoxygenated state during 
the continuous on-line processing. 

Accordingly, the present invention is directed 

55 to a continuous on-line apparatus and process for 
removing oxygen from various aqueous fluids in a 
safe and efficient manner without altering the de- 
sired properties of the products produced thereby. 
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More particularly, the present invention is directed 
to the use of immobilized oxygen scavenging cell 
membrane fragments having an electron transport 
system which reduces oxygen to water. The mem- 
brane fragments contain a series of enzymes that 
work in cooperation with one another to convert the 
oxygen present in the fluids to water. By immobiliz- 
ing the fragments, and in turn, immobilizing the 
effective enzyme system contained therein, it is 
possible to continuously remove oxygen from any 
process stream. 

As a result, the present invention is substan- 
tially different from the previously known mechani- 
cal and chemical processes for removing oxygen 
from fluids. The only known reference which is 
similar to the present invention is the process dis- 
closed in U.S. Patent No. 4,414,334 for "Oxygen 
Scavenging With Enzymes", issued on November 
8 f 1983 to Donald 0. Hitzman of Bartlesville, Okla- 
homa. In the '334 patent, the removal of ambient 
oxygen from aqueous liquids is catalyzed by al- 
cohol oxidase in the presence of alcohol and op- 
tionally with catalase. While the process disclosed 
in the '334 patent has certain features in common 
with the present invention, i.e. the removal of oxy- 
gen enzymatically, the enzymes involved therein 
are distinctly different from the present invention in 
composition and effectiveness. 

Specifically, the enzymes utilized in the pro- 
cess disclosed in the '334 patent are alcohol ox- 
idase and catalase. These enzymes are extremely 
different from the enzymes contained in the mem- 
brane fragments of the present invention in struc- 
ture, organization, and source. In this regard, the 
enzymes found in the cell membrane fragments of 
the present invention comprise a very intricate sys- 
tem, i.e. the electron transport system which re- 
duces oxygen to water. These enzymes work in a 
cohesive relationship, and their location and ar- 
rangement in the membrane fragments is important 
to their proper and efficient function. Since the 
enzymes operate as a system within the mem- 
brane bound particles, the stability of the enzyme 
system is greatly enhanced. 

In contrast, the enzymes in the '334 patent are 
individual proteins that are mixed together to give 
their desired reactions. These enzymes are not 
part of an integral system, but individual enzymes 
with only limited designation duty with no structural 
arrangement or association with one another. 

Enzymes found in the cell membrane frag- 
ments of the present invention exist in all aerobic 
miccoorganisms, plants, and animals. However, the 
alcohol oxidase and catalase enzymes disclosed in 
the process of the '334 patent are often not found 
together in the same organism nor can they be 
isolated simultaneously. Furthermore, alcohol ox- 
idase and catalase enzymes are not membrane 



bound. 

Since the enzymes utilized in the '334 patent 
and the present invention differ greatly in composi- 
tion and function, the methods for producing and/or 

5 isolating the enzymes are also very distinct. In this 
regard, one could not isolate the enzymes utilized 
in the present invention by the methods described 
in the '334 patent nor could one isolate the alcohol 
oxidase or the catalase utilized in the '334 patent 

70 by the methods described below. 

Furthermore, the enzymes differ greatly in the 
substrates that they activate. The enzymes utilized 
in the present invention use a wide array of sub- 
strates as hydrogen donors, generally organic ac- 

75 ids or their alkali salts. However, the enzymes 
utilized in the '334 process, i.e. alcohol oxidase and 
catalase react specifically with alcohols and hy- 
drogen peroxide, respectively. Without the pres- 
ence of either alcohol or hydrogen peroxide as the 

20 substrate, the enzymes utilized in the '334 patent 
would be inactive. 

In addition, the enzymes of the present inven- 
tion and the process disclosed in the '334 patent 
also differ in regard to the products produced. The 

25 enzymes utilized in the present invention often 
produce an organic acid and water as the end 
products, both of which are commonly found in 
biological materials, particularly food stuffs and 
thus, do not result in harmful additives. However, 

30 the alcohol oxidase utilized in the '334 patent pro- 
duces an aldehyde and hydrogen peroxide as the 
end products. These end products are not widely 
found in nature and may not be desirable in food 
stuffs. Similarly, catalase utilized in the '334 patent 

35 reacts with hydrogen peroxide to produce oxygen 
and water. Thus, the '334 patent not only leads to 
the formation of undesirable products (aldehyde 
and hydrogen peroxide), it also results in the fur- 
ther production of oxygen, the product desired to 

40 be removed. 

In summary, not only do the enzymes dis- 
closed in the '334 patent differ from the enzymes 
utilized in the present invention in regard to com- 
position and structure, the enzymes disclosed in 

45 the '334 patent are also inefficient in comparison to 
the enzymes of the present invention. 

Summary of the Invention 

so In one aspect, the present invention is directed 
to a continuous flow method for removing oxygen 
from a fluid stream. The method comprises the 
steps of providing a fluid stream containing oxy- 
gen, causing the fluid stream to come in contact 

55 with a sufficient amount of oxygen scavenging cell 
membrane fragments having an electron transfer 
system which is capable of reducing oxygen to 
water, to catalyze the transformation of the oxygen 
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contained in the fluid stream to water, and then 
removing the deoxygenated fluid stream from the 
oxygen scavenging membrane fragments. 

In another aspect, the present invention relates 
to a continuous flow method for removing oxygen 
from a fluid stream. The method comprises the 
steps of providing a fluid stream containing oxy- 
gen, causing the fluid stream to come in contact 
with the first side of a synthetic membrane having 
a first side capable of passing oxygen and prevent- 
ing the passage of fluid, and a second side capable 
of transferring oxygen to an aqueous solution con- 
taining oxygen scavenging cell membrane frag- 
ments having an electron transport system which 
reduces oxygen to water, wherein the contact takes 
place in a container impermeable to oxygen except 
through the synthetic membrane, and, then remov- 
ing the deoxygenated fluid stream from the con- 
tainer. 

In still another aspect, the present invention is 
directed to an apparatus for removing oxygen from 
a fluid stream. The apparatus is comprised of a 
flow-through reactor chamber containing a suffi- 
cient amount of oxygen scavenging cell membrane 
fragments having an electron transport system 
which reduces oxygen to water to catalyze the 
transformation of oxygen and a substrate present in 
a fluid stream to an organic acid and water, 
wherein the fragments are contained therein in a 
manner which allows free contact between the frag- 
ments and the fluid stream flowing therethrough. A 
means for introducing a fluid stream containing 
oxygen into the flow-through reaction chamber and 
a means for removing the fluid stream containing 
the organic acid and water are also provided. 

In still a further aspect, the present invention 
relates to an apparatus for removing oxygen from a 
fluid stream. The apparatus comprises a flow- 
through reactor chamber having a first compart- 
ment and a second compartment separated by a 
synthetic membrane capable of passing oxygen 
and preventing the passage of fluid, wherein the 
first compartment is impermeable to oxygen except 
by the synthetic membrane and possesses means 
for maintaining the fluid in contact with one side of 
the synthetic membrane and an inflow and outflow 
means for conducting the fluid into and out of the 
first compartment, and wherein the second com- 
partment possesses a carrier fluid which is in con- 
tact with the second side of the synthetic mem- 
brane and oxygen scavenging cell membrane frag- 
ments having an electron transport system which 
reduces oxygen to water. 

Brief Description of the Drawings 

A more complete appreciation of the invention 
and nr\any of the attendant advantages thereof will 



be better understood by reference to the following 
detailed description when considered in connection 
with the accompanying drawings, wherein: 

FIGURE 1 is a schematic diagram of a flow- 
5 through reaction chamber of the present inven- 
tion; 

FIGURE 2 is a graph illustrating the amount of 
dissolved oxygen remaining in a fluid stream 
processed with the immobilized membrane frag- 
10 ments of the present invention over a period of 
time (hours); 

FIGURE 3 is a graph illustrating the amount of 
dissolved oxygen remaining in a fluid stream 
processed with the immobilized membrane frag- 
/5 ments of the present invention at various flow 
rates (ml/min); 

FIGURES 4A and 4B are schematic diagrams 
illustrating the two compartment reactors of the 
present invention; and, 
20 FIGURES 5A, 5B, and 5C are schematic dia- 
grams of the tubular synthetic membrane em- 
bodiments of the present invention. 
Further scope of the applicability of the present 
invention will become apparent from the detailed 
25 description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
tion only. 

30 

Detailed Description of the Invention 

The present invention relates to a novel ap- 
paratus and process for removing oxygen from on- 

35 line processing streams. Specifically, the present 
invention is directed to the use of immobilized 
oxygen scavenging cell membrane fragments pos- 
sessing an electron transport system which re- 
duces oxygen to water for removing dissolved oxy- 

40 gen from fluid streams either prior to and/or during 
processing. 

The oxygen scavenging cell membrane frag- 
ments utilized in the present invention, as well as 
the process for isolating and purifying same, are 

45 similar to the membrane fragments and filtration 
process disclosed in U.S. Patent No. 4,476,224 for 
"Material and Method for Promoting the Growth of 
Anaerobic Bacteria", issued on October 9, 1984 to 
Howard I. Adler, Oak Ridge, Tennessee, one of the 

so co-inventors of the present invention. The *224 
patent is incorporated herein by reference. In this 
regard, the *224 patent is directed to a method of 
removing dissolved oxygen from a nutrient medium 
for anaerobic bacteria through the use of sterile 

55 membrane fragments derived from bacteria having 
membranes which contain an electron transport 
system which reduces oxygen to water in the pres- 
ence of a hydrogen donor in the nutrient medium. 
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It is known that a great number of bacteria have 
cytoplasmic membranes which contain the electron 
transport system that effectively reduces oxygen to 
water if a suitable hydrogen donor is present in the 
medium. Some of the bacterial sources identified in 
the '224 patent include Escherichia coli , Salmonella 
typhimurium , Gluconobacter oxydans , and 
Pseudomonas aeruginosa . These bacterial mem- 
branes have been highly effective in removing oxy- 
gen from media and other aqueous and semi-solid 
environments. 

The same oxygen reducing effect produced by 
the Jbacterial membrane fragments is also present 
in the membrane of mitochondrial organelles of a 
large number of higher non-bacterial organisms. 
More particularly, a great number of fungi, yeasts, 
and plants and animals have mitochondria that 
reduces oxygen to water, if a suitable hydrogen 
donor is present in the medium. Some of the 
sources of oxygen reducing membranes from 
these mitochondria are: beef heart muscle, potato 
tubers, spinach, Saccharomyces , Neurospora , As- 
pergillus , Euglena and Chlamydomonas . The pro- 
cess of producing the useful mitochondria mem- 
brane fragments involves the following steps: 

1. Yeast, fungal cells, algae and protozoa, hav- 
ing mitochondrial membranes containing an 
electron transfer system which reduces oxygen 
to water, are grown under suitable conditions of 
active aeration and a temperature which is con- 
ducive to the growth of the cells, usually about 
20*0 to 45 *C in a broth media. Alternately, 
mitochondria may be obtained from cells of ani- 
mal or plant origin. 

2. The cells are collected by centrifugation or 
filtration, and are washed with distilled water. 

3. For the preparation of crude mitochondrial 
membrane fragments, a concentrated suspen- 
sion of the cells is treated to break up the cell 
walls and mitochondria. This is accomplished by 
known means, for example, by ultrasonic treat- 
ment or by passing the suspension several 
times through a French pressure cell at (20,000 
psi.) 1,400 Kg.cnrr 2 

4. The cellular debris is removed by low speed 
centrifugation or by microti Itration (cross-flow fil- 
tration). 

5. The supernatant or filtrate is subjected to high 
speed centrifugation (175,000Xg at 5*C) or ul- 
trafiltration. 

6. For the preparation of material of higher pu- 
rity, the cells of step 2 are suspended in a 
buffer containing 1.0M sucrose and are treated 
by means which break up the cell walls or 
membranes but leave the mitochondria intact. 
This is accomplished by known means, for ex- 
ample, by ultrasonic treatment, passage through 
a French pressure cell at low pressure, en- 



zymatic digestion or high speed blending with 
glass beads. 

7. The cellular debris from step 6 is removed by 
differential centrifugation or filtration. 
5 8. The supernatant or retentate from step 7 is 
passed through a French Press at (20,000 psi) 
1400 kg. cm" 2 to break the mitochondria into 
small pieces. 

9. Mitochondria debris from step 7 is removed 
io by centrifugation at 12,000Xg for approximately 

15 minutes or by microfiltration. 

10. The supernatant or filtrate from step 9 is 
subjected to high speed centrifugation 
(175,000Xg at 5*C) or ultrafiltration. 

75 11. The pellet or retentate from step 5 (crude 
mitochondrial fragments) or the pellet or reten- 
tate from step 10 (purified mitochondrial mem- 
brane fragments) are resuspended in a buffer 
solution at a pH of about 7.0 to about 7.5. A 

20 preferred buffer solution is 0.02M solution of N- 
2-hydroxyethylpiperazine-N , -2-ethane sulfonic 
acid (HEPES). 

12. The membrane fragments in the buffer solu- 
tion are then passed under pressure through a 

25 filter having openings of about 0.2 microns. 

13. The suspension is then stored at about 
-20 °C for later use or it may be freeze dried. 

This process, as well as the media produced 
thereby, is the subject matter of a separately filed 

30 co-pending U.S. patent application, i.e. serial num- 
ber 938,190, filed on December 5, 1986 for "Ma- 
terial and Method for Promoting Growth of An- 
aerobic Bacteria". 

Suspensions of sterile membrane fragments of 

35 mitochondria can also be used to remove oxygen 
from media and other aqueous and semi-solid envi- 
ronments, on a batch basis. In this regard, the 
catalytic enzyme system present in the suspended 
membrane fragments can, in the presence of suit- 

40 able hydrogen donors, reduce oxygen to water, 
thereby deoxygenating the environment. Thus, the 
bacterial and mitochondrial membrane fragments 
can be utilized in suspension form on a batch basis 
for many purposes which require the removal of 

45 oxygen from the contained environment. 

For example, suspensions of the membrane 
fragments can be used on a batch basis to isolate 
or cultivate anaerobic microorganisms. In use, a 
small amount of the sterile membrane fragment 

so suspension of either bacterial or mitochondrial 
membranes is added to a liquid medium which is 
to be used for the growth of the anaerobic bacteria 
(about 25 to 3000 mg of fragments per liter of 
medium). The medium is permitted to stand for a 

55 short period of time at a temperature of from about 
5 • C to about 60 * C until the oxygen is consumed. 
This action takes up to about 20 to 30 minutes, 
depending upon the concentration of the sterile 
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membrane fragments and the temperature. At con- 
centrations of about 500 mg/l and temperatures of 
about 35 'C, removal is effected in about 2-8 min- 
utes. After the oxygen is removed, an inoculum of 
anaerobic bacteria is introduced into the medium. 
The inoculated medium is then incubated for the 
growth period at the proper temperature for the 
bacteria which are to be grown. Preferably, the air 
space above the liquid medium in its container is 
kept to a minimum or is flooded with an inert gas 
such as nitrogen. This reduces the amount of oxy- 
gen that must be removed by the membrane sys- 
tem and prolongs the life of the oxygen-consuming 
system. This also gives assurance that, if there is 
an accidental leak of air into the system, the sys- 
tem will consume the oxygen in that air and insure 
that the growth of the anaerobic bacteria will not be 
retarded. 

In the case of the solid medium, such as agar, 
the membrane preparation is preferably added to 
the medium in a molten state at approximately 
45 °C at a level of about 25 to 3000 mg of frag- 
ments per liter of medium. The medium is inocu- 
lated with the anaerobe to be grown and poured 
into Petri dishes, or the like and allowed to solidify. 
Finally, an overlay of molten agar is poured over 
the inoculated medium and allowed to solidify. This 
overlay serves as a barrier to the oxygen in air and 
slows the diffusion of oxygen to the inoculated 
layer. The Petri dishes are then incubated at the 
proper temperature for growth. Again, the Petri 
dishes should preferably be maintained in an at- 
mosphere of inert gas, such as nitrogen, but good 
results can be obtained on rapidly growing an- 
aerobes without such a precaution since the mem- 
brane system is capable of consuming oxygen 
from air which gets into the dish. 

In the event that a synthetic media is em- 
ployed, it may be necessary to add a small amount 
of hydrogen donor which does not interfere with 
the growth of the selected anaerobic bacteria. Suit- 
able hydrogen donors are lactic acid, succinic acid, 
alpha-glycerol phosphate, formic acid, malic acid 
and, where available, their corresponding salts. 
Most natural media do not require the addition of a 
hydrogen donor, but with some media, particularly 
synthetic media, the addition of the hydrogen do- 
nor is necessary for the membrane fragments to 
perform their oxygen removing function. 

Moreover, suspensions of the bacterial and 
mitochondrial membrane fragments have also been 
utilized on a batch basis to produce anaerobic 
conditions required in many industrial fermentation 
processes. Similarly, suspension of the bacterial 
and mitochondrial membrane fragments may also 
be used for preserving many oxygen sensitive or- 
ganic substances. The use of the suspended mem- 
brane fragments in this regard, as well as by the 



other batch uses, produce little or no toxic side 
effects when used in amounts much greater than 
those required to achieve oxygen-free conditions. 
However, notwithstanding the above, use of 

5 bacterial and mitochondrial membrane fragments 
suspended in the reactant solution is very imprac- 
tical for some processes. This is particularly true in 
batch and continuous processing situations, 
wherein the suspension of bacterial and mitochon- 

10 drial membrane fragments can be utilized to treat 
only a limited amount of material. In batch reactors, 
the membrane fragments are mixed with the reac- 
tant solution until the solution is deoxygenated. 
Then the tank must be cleaned for the next batch. 

75 In continuous operations, a continuously stirred 
tank reactor may be utilized wherein the initial 
reactant solution and membrane fragments are 
mixed and then pumped into a holding tank or pipe 
of sufficient length to allow deoxygenation to occur. 

20 After the desired reaction has been completed, the 
suspended membrane fragments are either re- 
moved and discarded in the process of preparing a 
product or they remain with the product wherein 
the enzymes contained therein are in an inactivated 

25 form. Thus, as a result of the suspended state of 
the membrane fragments, only a limited amount of 
the total potential enzymatic activity is utilized. 

In order to increase the efficiency of the bac- 
terial and mitochondria membrane fragments, the 

30 present invention is directed to a process and an 
apparatus for immobilizing the membrane frag- 
ments. By immobilizing the membrane fragments, 
and thus immobilizing the enzymes involved in an 
electronic transport system for reducing oxygen to 

35 water, the maximum amount of potential enzymatic 
activity can be utilized. In this regard, not only can 
the enzymes involved in the electron transport sys- 
tem be constantly reused until their activity is 
spent, it is also possible to concentrate the en- 

40 zymes to a much greater level than that which 
could have been achieved in suspension form. The 
effect of this is to increase the efficiency of the 
reaction. This is particularly important when the 
reactants are found in low concentrations as is 

45 often the case with dissolved oxygen. As a unit of 
reactant volume moves through a column of immo- 
bilized membrane fragments, the enzymes con- 
tained therein may then be constantly exposed to 
the reactant volume, thereby producing repeated 

so opportunities to bring about the desired reaction. 

Furthermore, since the enzymes contained in 
the bacterial and mitochondrial membrane frag- 
ments require the presence of a hydrogen donating 
compound in order to reduce the oxygen dissolved 

55 in the reactant volume to water, and not all reactant 
volumes contain such hydrogen donating com- 
pounds, a further object of the present invention is 
to immobilize the membrane fragments in the pres- 
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ence of a hydrogen donating compound. Suitable 
hydrogen donating compounds for certain mem- 
brane fragments include lactic acid, succinic acid, 
alpha-glycerol phosphate, malic acid, or formic acid 
and, where available, their corresponding salts. The 
preferred substrate(s) depend on the source of the 
membrane fragments. By entrapping or incorporat- 
ing the bacterial or mitochondrial fragments with a 
hydrogen donating substrate, the enzymes con- 
tained in the membrane fragments can be readily 
activated upon the presence of oxygen, thus pro- 
ducing a highly effective reduction process. 

During the past several years, a number of 
immobilization processes have been developed for 
soluble enzymes. The main methods of enzyme 
immobilization are: (a) binding to a solid carrier or 
support. Supports are used for covalent binding 
including e.g. cellulose, ceramic, glass, steel, and 
synthetic polymers; usually, the support is "ac- 
tivated" and the enzyme is then allowed to bind 
(commonly via its amino or carboxyl groups) to the 
activated support. The active site of the enzyme 
can be protected by allowing binding to occur in 
the presence of the enzyme's substrate. Supports 
used for ionic binding include ion exchangers such 
as DEAE-cellulose. (b) Cross-linking with Afunc- 
tional reagents to form insoluble aggregates. 
Reagents used include glutaraldehyde (which binds 
enzymes via their amino groups), or diamines (e.g. 
hexamethylenediamine) which bind enzymes via 
their carboxyl groups after these groups have been 
"activated" with carbodiimides. (c) Encapsulation. 
Enzymes are enclosed within liposomes or hollow 
fibers which are permeable to low MWt substrates 
and products, (d) Entrapment within polymeric gels 
such as calcium alginate, K-carrageenan and 
polyacrylamide. Enzymes are added to a solution 
of the polymer which is then gelled e.g. by the 
addition of a gelling agent. Leakage of enzymes 
from the gel may be counteracted by cross-linking 
them, e.g. with glutaraldehyde. Entrapment is suit- 
able primarily for bioconversion of low-MWt sub- 
strates which can diffuse through the gel. 

However, although a number of immobilization 
processes are known, the physical and chemical 
properties of the enzyme often change during im- 
mobilization due to changes in the structure of the 
enzyme molecule. Similarly, changes in the 
microenvironment, such as changes in pH, tem- 
perature, ionic strength, etc. may effect the stability 
of the enzyme. Thus, the particular properties of an 
immobilized enzyme depend greatly upon the 
method of immobilization and the support material 
used. 

An additional object of the present invention is 
to eliminate the disadvantage of known immobiliza- 
tion methods of soluble enzymes and to provide a 
process for the preparation of immobilized bacterial 



and mitochondrial membrane fragments containing 
enzymes which reduce oxygen to water in the 
presence of a hydrogen donor. The immobilized 
membrane fragments of the present invention are 

5 stable over a wide range of changes in pH and 
temperature and are suitable for prolonged applica- 
tion thereby ensuring large flow velocity and maxi- 
mum activity. 

Moreover, a further additional object of the 

70 present invention is to provide a method and ap- 
paratus for removing oxygen from a continuous 
process stream. In this regard, the reactant solution 
is introduced into a flow-through reaction chamber 
containing an amount of immobilized bacterial 

75 and/or mitochondrial membrane fragments pos- 
sessing enzymes which reduce oxygen to water in 
the presence of a hydrogen donor, where the de- 
sired deoxygenation reaction takes place. The solu- 
tion which is then substantially deoxygenated then 

20 continues to flow in the closed system for further 
processing. 

The flow-through deoxygenation system of the 
present invention may operate by gravity and/or be 
supplemented through the use of some type of 
25 pumping means. In addition, the flow rate may also 
be controlled by the size and length of the reactor 
chambers and the connective piping so that the 
reactant solution is completely deoxygenated upon 
processing. 

so The reactor chamber may be any type of 

closed apparatus which allows for the flow-through 
of a continuous process stream without allowing for 
the removal of the immobilized membrane frag- 
ments. The immobilized membrane fragments 

35 must be contained in the closed apparatus in a 
manner which allows for free contact between the 
membrane fragments and the fluid stream flowing 
through the reactor. 

An example of such a reactor chamber is a 

40 packed-bed reactor wherein the immobilized mem- 
brane fragments are packed in a cylinder through 
which the reactant fluid flows on a continuous ba- 
sis. An illustration of such an apparatus is shown in 
FIGURE 1. In this regard, the oxygenated reactant 

45 solution is supplied by gravity, and/or by a conven- 
tional method such as pumping, to reactor column 
10 by means of an inflow pipe 12 and plug 18. 
Plug 18 allows for the inflow or outflow of fluid 
without any loss of particulate solids. The reaction 

so column 10 contains an amount of bacterial and/or 
mitochondrial membrane fragments having en- 
zymes which reduce oxygen to water in the pres- 
ence of a hydrogen donor immobilized in a 
polyacrylamide gel (BioRad Laboratories, Rich- 

55 mond, California, BioGel P-6, Catalog No. 150- 
0730). A plug 14 closes the bottom of the column 
while allowing free flow of the reactant solution 
therethrough, thereby preventing any loss of the 
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gel containing the membrane fragments from the 
column. The deoxygenated reactant solution 13 
flows from the bottom of the column 10 by means 
of an oxygen impermeable outlet pipe 16 for fur- 
ther processing. 

The reaction column for containing the immo- 
bilized membrane fragments may be a conven- 
tional glass tubing column, stainless steel, or one 
of compatible plastic. The reaction column may 
also be adjusted to deoxygenate the reactant fluid 
through either a down-flow or up-flow process. The 
gel utilized in the column may be polyacrylamide 
gel. Furthermore, a hydrogen donor source may be 
added to the gel if such a source is not present in 
the reactant solution, although many food products 
and beverages contain such hydrogen donors. 

In operation, the oxygenated reactant solution 
flows by pumping means or gravity through the 
immobilized membrane fragment column in which 
the enzymes contained therein catalyzed the re- 
duction of oxygen to water as the reactant solution 
flows through the column. The deoxygenation rate 
of the column may be adjusted by altering the flow 
rate of the reactant solution and/or by the amount 
of activity of the enzymes immobilized in the col- 
umn. Moreover, the temperature and pH of the 
reactant solution may also be adjusted to optimize 
the deoxygenation process. Along this line, it has 
been determined that the enzymes present in the 
membrane fragments operate over wide pH and 
temperature ranges dependent upon the type of 
substrate present (i.e. from a pH of about 3 to a pH 
of about 9, and for a temperature of about 5 * C to a 
temperature of about 60 • C). With lactic acid as a 
substrate, the pH optimum is about 8.4. However, 
with formic acid as a substrate the pH optimum is 
below 7.0. By choosing the substrates, it is possi- 
ble to select the operating pH level that would be 
suitable for a particular application. Moreover, the 
temperature range for activity is also wide, from a 
low of 5 *C to a high of about 60 'C. Operating 
under optimal conditions, the present invention can 
lower dissolved oxygen to approximately 0.1 ppm. 
The membrane fragments are equivalent in oxygen 
reducing ability to a strong, chemical reducing 
agent, such as sodium hydrosulfite. 

As more clearly demonstrated in Example 1 
set forth below, the flow-through deoxygenation 
system and process of the present invention is 
highly effective in removing oxygen from a continu- 
ous process system. 

EXAMPLE 1 

One unit of a suspension of bacterial mem- 
brane fragments having an electron transport sys- 
tem which reduces oxygen to water in the pres- 
ence of a hydrogen donor, wherein one unit is the 



amount of membrane fragments that reduce 1 .0% 
of the dissolved oxygen per second per milliliter of 
a solution containing a 1.75 ml of a 10mM sodium 
lactate solution in 20mM phosphate buffer at pH 
5 8.4 and a temperature of 37'C was mixed with 10 
ml of polyacrylamide gel and extruded through a 
syringe having an opening of approximately 

0. 3mm. The membrane fragments were either iso- 
lated and purified by the process set forth above 

10 and/or in the '224 patent or the membrane frag- 
ments were commercially purchased from Oxyrase, 
Inc., Ashland, Ohio. The extruded polyacrylamide 
gel containing the membrane fragments was load- 
ed into 1.6 cm diameter x 40 cm water jacketed 

75 column manufactured by Pharmacia (LKB Biotech- 
nology Co., Piscataway, NJ, Catalog No. C16/40), 
having a total volume of 80 ml. An oxygen sensor, 

1. e. Oxygraph, Gilson Model 5/6H, manufactured by 
Gilson Medical Electronics, Middletown, Wl, having 

20 an oxygen sensitivity of 0.1 ppm, was placed at the 
top of the column. Flow through the column was 
upflow with a single pass. Tris buffer at 10mM and 
pH 7.8 was passed through the column. The tem- 
perature of the column was maintained at 37 *C. 

25 During the first run, the percentage of oxygen 
present in the Tris buffer solution passing through 
the column at a flow rate of 1.8 ml/min. was deter- 
mined. See FIGURE 2. 

The residence time in the reactor at the flow rate of 
30 1.8 ml/min. was approximately 44.4 minutes. After 
approximately 3 hours, 10mM of a substrate, i.e. 
sodium lactate, was added to the reservoir of Tris 
buffer. The test data clearly indicates that the dis- 
solved oxygen was not removed until a substrate 
35 for the enzymes present in the membrane frag- 
ments was added. The lag from the time of sub- 
strate addition to the complete removal of dis- 
solved oxygen was due to the flow rate and the 
volume of the reactor which produced a residence 
40 time of about 44.4 minutes. The column was then 
subsequently operated at a flow rate of 1 .8 ml/min. 
for a period of 15 days without any detectable 
decline in the efficiency of dissolved oxygen re- 
moval (i.e. almost 100% oxygen removal). 
45 A second run was conducted under the same 
conditions set forth above (i.e. with the inclusion of 
the substrate) except that the flow rate was varied 
while the removal of dissolved oxygen was mon- 
itored. See FIGURE 2. The test data indicates that 
so when the flow rate was below 2.4 ml/min. all of the 
dissolved oxygen was removed from the effluent. 

The above results indicate that the flow-through 
deoxygenation system of the present invention is 
capable of continuous operation to remove dis- 
ss solved oxygen from a process stream. 

Moreover, notwithstanding the above, additional 
embodiments of the flow-through deoxygenation re- 
actor of the present invention are also available. 
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What follows is a description of some of the more 
preferred embodiments of the invention wherein 
the membrane fragments are restricted and/or im- 
mobilized from the process stream by a oxygen 
permeable membrane. Although reference is made 
herein to the oxygen permeable membrane as a 
"synthetic membrane" for purposes of distinguish- 
ing the "membrane fragments" containing the en- 
zyme system from the "oxygen permeable mem- 
brane" utilized to separate and/or immobilize the 
membrane fragments, no limitations as to the type 
and/or the nature of the materials used to manufac- 
ture the membrane are made hereby. In this re- 
gard, the membrane utilized it, the present inven- 
tion to separate and/or immobilize the membrane 
fragments may be of natural and/or artificial origin. 

More particularly, FIGURE 4A shows an em- 
bodiment of the present invention comprising a two 
compartment reactor 20 wherein the first compart- 
ment 24 is separated from a second compartment 
26 by a synthetic membrane 30 which has the 
ability to pass oxygen while preventing the pas- 
sage of other components of the fluid stream 28 
from which the oxygen is extracted. The first com- 
partment 24 directs the passage of fluid stream 28 
by an inflow means 32 and an outflow means 34 
by which fluid containing oxygen to be removed 
and fluid from which oxygen has been removed, is 
respectively introduced and removed from the first 
compartment 24. The second compartment 26 con- 
tains membrane fragments 22 and substrate 25 in 
carrier solution 27 which are separated and immo- 
bilized from the first compartment 24 by synthetic 
membrane 30. The membrane fragments 22 may 
also be attached to the wall of the second compart- 
ment 26 or carrier particles 29 present in the 
second compartment 26. However, it is not neces- 
sary that said carrier particles 29 always be 
present. It is also possible to attach the membrane 
fragments 22 directly to the synthetic membrane 
30. 

The invention is carried out by flowing fluid 
containing oxygen, i.e. fluid stream 28, through 
inflow means 32 into first compartment 24 where 
the oxygen present therein passes across the oxy- 
gen permeable synthetic membrane 30 into the 
carrier solution 27 of the second compartment 26 
wherein the enzymes present in the immobilized 
membrane fragments 22 catalyze the reduction of 
oxygen to water. As a result of the impermeability 
of the membrane to any other components of the 
fluid stream, the deoxygenated fluid stream is then 
emitted by outflow means 34 for further process- 
ing. While FIGURE 4A shows the clockwise flow of 
fluid 28 past membrane 30, it is also possible to 
carry out the present invention using a counter- 
clockwise flow, or an alternately clockwise-coun- 
terclockwise flow. 



FIGURE 4B shows an alternative embodiment 
of the two compartment reactor 20 of FIGURE 4A 
wherein the second compartment 26 has been 
modified to contain an inlet 40 and an outlet 42. 

5 Such a modification allows for the carrier solution 
27 containing membrane fragments 22 and/or the 
substrate 25 to be circulated in the second com- 
partment 26 by conventional means such as by a 
pump (not shown). Although FIGURE 4B indicates 

10 concurrent flow of the fluids past synthetic mem- 
brane 30, it is also possible to carry out the inven- 
tion using countercurrent flow or a combination of 
concurrent and countercurrent flow so long as there 
is the continued contact of fluid with membrane 30. 

75 The overall shape and size of the apparatuses 
disclosed in FIGURES 4A and 4B are not important 
except that an inflow and outflow means are re- 
quired in the first compartment in order to process 
the fluid stream past the oxygen permeable barrier 

20 (synthetic membrane) which separates the first 
compartment from the second compartment. The 
rate of flow and the diameter and surface area of 
the synthetic membrane can be experimentally ad- 
justed to determine the most effective parameters 

25 for the size and shape of the apparatus utilized. 
However, since the present invention is directed to 
the removal of oxygen from a process stream, all 
of the hardware, with the exception of the synthetic 
membrane, should be non-permeable to air or oxy- 

30 gen. 

The type of synthetic membrane utilized in the 
two compartment embodiment of the present in- 
vention is not limited except for the synthetic mem- 
branes ability to pass oxygen while preventing the 

35 passage of other components of the process 
stream from which the oxygen is being extracted. 
Although the most important synthetic membranes 
are formed from organic polymers (i.e. polyethyl- 
ene, polyproplyene, polyamides, polimides, poly- 

40 sulfones, polycarbonates, polyacrylonitriles, poly- 
vinyl alcohol, polyurethanes, etc.), natural poly- 
mers, such as cellulose, etc. can be used so long 
as the synthetic membrane is permeable to oxygen 
without being sensitive to passage of other com- 

45 pounds of the process stream. 

Moreover, in addition to oxygen permeability, 
inertness of the synthetic membrane to the material 
contained in the process sitream and to the internal 
carrier fluid is also required. In this regard, the 

so present invention offers many advantages over 
deoxygenating apparatuses and processes which 
utilize synthetic membrane systems and harmful 
and caustic chemical reducing agents. Since the 
carrier and membrane fragments of the present 

55 invention are natural products, the synthetic mem- 
branes utilized therein are not limited to those 
which are compatible with some type of caustic 
chemical deoxygenating agent. 
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The carrier fluid can be any solution in which 
oxygen can be readily transferred. Various agents 
such as dispersion agents, etc. may also be in- 
cluded in the carrier fluid when necessary to en- 
hance dispersion of the membrane fragments 
thereby increasing enzymatic activity. 

In addition, the physical microstructure of the 
synthetic membrane is not significant so long as 
the synthetic membrane performs the functions de- 
scribed above. Hence, dense films, porous syn- 
thetic membranes, and asymmetric and composite 
synthetic membranes can be utilized. 

Furthermore, the macroscopic form of the syn- 
thetic membrane is also not particularly important. 
Synthetic membranes in the form of flat sheets, 
tubes of relatively large diameter, or fine hollow 
fibers may be used. In this regard, hollow fibers 
offer two primary advantages over flat sheet or 
tubular synthetic membranes. First, hollow fibers 
exhibit higher productivity per unit volume; second, 
they are self-supporting. Moreover, the fibers or 
tubes can be employed singly or grouped into a 
bundle which may contain hundreds of fibers. The 
primary disadvantages of the hollow fiber unit as 
compared with the other synthetic membrane con- 
figurations is its vulnerability to fouling and plug- 
ging by particulate matter. 

Further advantages for using a synthetic mem- 
brane as an oxygen permeable barrier between the 
process fluid stream and the carrier fluid containing 
the membrane fragments are that the substrates, 
membrane fragments and reactants are contained 
in the carrier fluid and do not mix with the process 
fluid stream. This eliminates the need to purify the 
process fluid stream of these components. In addi- 
tion, the oxygen permeable synthetic membrane 
barrier also makes possible the deoxygenation of 
process fluid streams that are incompatible with the 
carrier fluid, for example, oils and fluid fats. Still 
another advantage is That physical and chemical 
conditions of the process fluid stream can be op- 
timized independently of the carrier fluid and vice 
versa. 

FIGURES 5A-5C demonstrate a number of al- 
ternative embodiments of the present invention 
when a tube or hollow fiber is utilized as the 
synthetic membrane. In this regard, the carrier so- 
lution 27 containing the oxygen scavenging mem- 
brane fragments 22 and substrate 25 may be 
present either inside or outside the synthetic mem- 
brane tube with the fluid stream 28 from which the 
oxygen is extracted present either outside or inside 
the synthetic membrane tube, respectively. More 
particularly, FIGURE 5A shows an embodiment of 
the present invention comprising a two compart- 
ment reactor 40 wherein the first compartment 44 
is separated from the second compartment 46 by a 
tubular or hollow fiber synthetic membrane 50 



which has the ability to pass oxygen while prevent- 
ing the passage of other components of the fluid 
stream 28 from which the oxygen is extracted. The 
first compartment 44 directs the passage of fluid 

5 stream 28 by an inflow means 52 and an outflow 
means 54 by which fluid containing oxygen to be 
removed and fluid from which oxygen has been 
removed are respectively introduced and removed 
from the first compartment 44. The second com- 

10 partment 46 contains membrane fragments 22 and 
substrate 25 in carrier solution 27 which are sepa- 
rated and immobilized from the first compartment 
by synthetic membrane 50. 

The membrane fragments 22 may also be at- 

J5 tached to the wall of the second compartment 46 
or carrier particles 29 present in the second com- 
partment 46. It is also possible to attach the mem- 
brane fragments 22 directly to the synthetic mem- 
brane 50. The invention is carried out by flowing 

20 fluid containing oxygen through inflow means 52 
into first compartment 44 where the oxygen 
present therein passes across the oxygen per- 
meable tubular synthetic membrane 50 into the 
carrier solution 27 of the second compartment 46 

25 wherein the enzymes present in the immobilized 
membrane fragments 22 catalyze the reduction of 
oxygen to water. 

FIGURE 5B shows an alternative embodiment 
of the two compartment tubular reactor 40 of FIG- 

30 URE 5A wherein the second compartment 46 has 
been modified to contain an inlet 60 and an outlet 
62. Such a modification allows for the carrier solu- 
tion 27 containing membrane fragments 22 and/or 
the substrate 25 and carrier particles 29 to be 

35 circulated in the second compartment 46 by con- 
ventional means such as by a pump (not shown). 
Although FIGURE 5B indicates concurrent flow of 
the fluids past synthetic membrane 50, it is also 
possible to carry out the invention using counter- 

40 current or tangential flow or a combination of con- 
current and countercurrent flow so long as there is 
the continued contact of fluid with synthetic mem- 
brane 50. 

FIGURE 5C shows an embodiment of the two 
45 compartment tubular reactor 40 wherein said sec- 
ond compartment 46 containing said carrier solu- 
tion 27, membrane fragments 22 and substrate 25 
of FIGURE 5B is present in the interior of tubular 
synthetic membrane 50. In this embodiment of the 
50 invention, oxygen present in the fluid stream 28 of 
the first compartment 44 diffuses into the carrier 
solution 27 contained inside the tubular synthetic 
membrane 50. Accordingly, the present invention 
can be readily adopted for a wide variety of tubular 
55 synthetic membrane usage. 
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9. A continuous flow method for removing oxygen 
from a fluid stream comprising the steps of: 

a) providing a fluid stream containing oxy- 
gen; 

5 b) causing the fluid stream to come in con- 

tact with the first side of a synthetic mem- 
brane having a first side capable of passing 
oxygen and preventing the passage of said 
fluid, and a second side capable of transfer- 
rer ring oxygen to a carrier solution containing 
oxygen scavenging cell membrane frag- 
ments having an electron transport system 
which reduces oxygen to water, wherein 
said contact takes place in a container im- 
75 permeable to oxygen except by said syn- 
thetic membrane, either the fluid stream 
containing a hydrogen donating substance 
or a hydrogen donating substance being 
present with said cell membrane fragments; 
20 and, 

c) removing the deoxygenated fluid stream. 

10. The method of claim 9, including the step of 
controlling the velocity of the fluid stream so 

25 that the desired amount of oxygen is removed. 



Claims 

1. A continuous flow method for removing oxygen 
from a fluid stream comprising the steps of: 

a) providing a fluid stream containing oxy- 
gen; 

b) causing the fluid stream to come in con- 
tact with a sufficient amount of oxygen 
scavenging cell membrane fragments hav- 
ing an electron transport system which re- 
duces oxygen to water to catalyze the trans- 
formation of the oxygen contained in the 
fluid stream to water, wherein said frag- 
ments are immobilized in a manner which 
allows for free contact between the oxygen 
contained in the fluid stream and the frag- 
ments, either the fluid stream containing a 
hydrogen donating substance or a hydrogen 
donating substance being present with said 
cell membrane fragments; and, 

c) removing the deoxygenated fluid stream 
from the immobilized fragments. 

2. The method of claim 1, including the step of 
controlling the velocity of the fluid stream in 
contact with the immobilized fragments so that 
the desired amount of oxygen is transformed. 

3. The method of claim 1 , further comprising the 
step of adding an organic substrate to the fluid 30 
stream containing oxygen. 

4. The method of claim 3, wherein said substrate 
•is a hydrogen donating substance. 

5. The method of claim 4, wherein said hydrogen 
donating substance is a compound selected 
from the group consisting of lactic acid, suc- 
cinic acid, alpha-glycerol phosphate, formic 
acid, and malic acid. 

6. The method of claim 1, wherein the oxygen 
scavenging cell membrane fragments are de- 
rived from bacteria, yeast, fungi, plants, and 
animals selected from the group consisting of 45 
beef heart, potato tubers, spinach, Sac- 
charomyces , Neurospora , Aspergillus , Euglena , 
Chlamydomonas , Escherichia , Bacillus , Salmo- 
nella , Gluconobacter , and Pseudomonas . 

50 

7. The method of claim 1, wherein the fluid 
stream containing oxygen is at a temperature 
from about 5 • C to about 60 • C. 

8. The method of claim 1, wherein the fluid 55 
stream containing oxygen is at a pH from 
about 3 to about 9. 



11. The method of claim 9, wherein said carrier 
solution contains a hydrogen donating sub- 
stance. 



and Chlamydomonas , Escherichia , Bacillus , 
Salmonella , Gluconobacter , and Pseudomonas . 

14. The method of claim 9, wherein the carrier 
solution is at a temperature from about 5 • C to 
about 60 • C. 

15. The method of claim 9, wherein the carrier 
solution is at a pH from about 3 to about 9. 

16. An apparatus for removing oxygen from a fluid 
stream comprising: 

a) a flow-through reactor chamber contain- 
ing a sufficient amount of oxygen scaven- 
ging cell membrane fragments having an 
electron transport system which reduces 



12. The method of claim 11, wherein said hy- 
drogen donating substance is a compound se- 
lected from the group consisting of lactic acid, 
succinic acid, alpha-glycerol phosphate, formic 

35 acid, and malic acid. 

13. The method of claim 9, wherein the oxygen 
scavenging cell membrane fragments are de- 
rived from bacteria, yeast, fungi, plants, and 

40 animals selected from the class consisting of 
beef heart, potato tubers, spinach, Sac- 
charomyces , Neurospora , Aspergillus , Euglena 
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oxygen to water to catalyze the transforma- 
tion of oxygen present in a fluid stream to 
water, wherein said fragments are contained 
therein in a manner which allows free con- 
tact between said fragments and the fluid 
stream flowing therethrough, either the fluid 
stream containing a hydrogen donating sub- 
stance or a hydrogen donating substance 
being present with said cell membrane frag- 
ments; 

b) means for introducing a fluid stream con- 
taining oxygen into said flow-through reactor 
chamber; and, 

c) means for removing said fluid stream 
containing the deoxygenated water from the 
flow-through reactor chamber. 

17. The apparatus of claim 16, wherein said flow- 
through reactor chamber further contains a hy- 
drogen donating substance. 20 

18. The apparatus of claim 16, wherein said flow- 
through reactor chamber is in the form of an 
enclosed packed column. 

19. The apparatus of claim 16, wherein the oxygen 
scavenging cell membrane fragments are de- 
rived from bacteria, yeast, fungi, plants, and 
animals selected from the class consisting of 
beef heart, potato tubers, spinach, Sac- 
charomyces , Neurospora , Aspergillus , Euglena 
and Chlamydomonas , Escherichia , Bacillus , 
Salmonella , Gluconobacter , and Pseudomonas . 

20. An apparatus for removing oxygen from a fluid 
stream comprising: 

a flow-through reactor chamber having a 
first compartment and a second compartment 
separated by a synthetic membrane capable of 
passing oxygen and preventing the passage of 
said fluid, wherein said first compartment is 
impermeable to oxygen except by said syn- 
thetic membrane and possesses means for 
maintaining said fluid in contact with one side 
of,said synthetic membrane and an inflow and 
outflow means for conducting said fluid into 
and out of said first compartment, and wherein 
said second compartment possesses a carrier 
fluid which is in contact with the second side 
of the synthetic membrane and oxygen 
scavenging cell membrane fragments having 
an electron transport system which reduces 
oxygen to water, either the fluid stream con- 
taining a hydrogen donating substance or a 
hydrogen donating substance being present 
with said cell membrane fragments. 



21. The apparatus of claim 20, wherein said sec- 
ond compartment further comprises inflow and 
outflow means for conducting said carrier solu- 
tion into and out of said second compartment. 



25. The apparatus of claim 24, wherein said hy- 
drogen donating substance is a compound se- 
lected from the group consisting of lactic acid, 
succinic acid, alpha-glycerol phosphate, formic 
acid, and malic acid. 



26. The apparatus of claim 20, wherein the oxygen 
scavenging cell membrane fragments are de- 
25 rived from bacteria, yeast, fungi, plants, and 

animals selected from the class consisting of 
beef heart, potato tubers, spinach, Sac- 
charomyces , Neurospora , Aspergillus , Euglena , 
Chlamydomonas , Escherichia, Bacillus , Salmo- 
30 nella , Gluconobacter , and Pseudomonas . 

Pate ntansprU che 

1. Kontinuierliches DurchfluBverfahren zum Ent- 
35 fernen von Sauerstoff aus einem Fluidstrom 
mit den Schritten, daB man: 

a) einen Sauerstoff enthaltenden Fluidstrom 
bereitstellt; 

b) den Fluidstrom mit einer ausreichenden 
40 Menge an Fragmenten einer als Sauerstoff- 

anger wirkenden Zellmembran in Kontakt 
kommen laBt, die ein Elektronentransportsy- 
stem aufweist, welches Sauerstoff zu Was- 
ser reduziert, urn die Umwandlung des im 
45 Fluidstrom enthaltenen Sauerstoffs in Was- 

ser zu katalysieren, wobei die Fragmente 
auf eine Art und Weise immobilisiert sind, 
die den freien Kontakt zwischen dem in 
dem Fluidstrom enthaltenen Sauerstoff und 
so den Fragmenten ermoglicht, entweder der 

Fluidstrom eine Wasserstoff abgebende 
Substanz enthalt Oder eine Wasserstoff ab- 
gebende Substanz zusammen mit den Zell- 
membranfragmenten anwesend ist, und 
55 c) den entoxygenierten Fluidstrom von den 

immobilisierten Fragmenten entfernt. 



5 

22. The apparatus of claim 20, wherein the carrier 
solution is at a temperature from about 5 * C to 
about 60 • C. 

10 23. The apparatus of claim 20, wherein the carrier 
solution is at a pH from about 3 to about 9. 

24. The apparatus of claim 20, wherein said carrier 
solution further contains a hydrogen donating 
75 substance. 
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2. Verfahren nach Anspruch 1 mit dem Schritt, 
daB man die Geschwindigkeit des mit den im- 
mobilisierten Fragmenten in Kontakt stehenden 
Fluidstroms steuert, so daB die gewilnschte 
Sauerstoffmenge umgewandelt wird. 5 

3. Verfahren nach Anspruch 1 mit dem weiteren 
Schritt, daB man dem sauerstoff enthaltenden 
Fluidstrom ein organisches Substrat zusetzt. 

70 

4. Verfahren nach Anspruch 3, wobei das Sub- 
strat eine Wasserstoff abgebende Substanz ist. 

5. Verfahren nach Anspruch 3, wobei die Wasser- 
stoff abgebende Substanz eine Verbindung ist, 75 
ausgewahit aus der Gruppe bestehend aus 
Milchsaure, Bernsteinsaure, alpha-Glycerol- 
phosphat, Ameisensaure und Apfelsaure. 

6. Verfahren nach Anspruch 1, wobei die Frag- 
mente der als Sauerstoffanger wirkenden Zell- 
membran von Bakterien, Hefe, Pilzen, Pflanzen 
und Tieren abstammen, die ausgewahit sind 
aus der Gruppe bestehend aus Rinderherz, 
Kartoffelknollen, Spinat, Saccharomyces , Neu- 
rospora , Aspergillus , Euglena , Chlamydomo- 
nas , Escherichia , Bacillus , Salmonella , Glucon- 
obacter und Pseudomonas . 

7. Verfahren nach Anspruch 1, wobei sich der 30 
Sauerstoff enthaltende Fluidstrom bei einer 
Temperatur von etwa 5 bis etwa 60 • C befin- 

*det. 

8. Verfahren nach Anspruch 1, wobei sich der 35 
Sauerstoff enthaltende Fluidstrom bei einem 
pH-Wert von etwa 3 bis etwa 9 befindet. 

9. Kontinuierliches DurchfluBverfahren zum Ent- 
fernen von Sauerstoff aus einem Fluidstrom 
mit den Schritten, daB man: 

a) einen Sauerstoff enthaltenden Fluidstrom 

* bereitstellt; 

b) den Fluidstrom mit der ersten Seite einer 
synthetischen Membran in Kontakt kommen 
laBt, die eine erste Seite aufweist, die Sau- 
erstoff durchtreten ISBt und den Durchtritt 
des Fluids verhindert, und eine zweite Seite 
aufweist, die in der Lage ist, Sauerstoff zu 
einer Tragerlosung zu UberfQhren, die Frag- 
mente einer als Sauerstoffanger wirkenden 
Zellmembran enthSIt, die ein Elektronen- 

• transportsystem aufweist, welches Sauer- 
stoff zu Wasser reduziert, wobei der Kontakt 
in einem Behdlter stattfindet, der abgesehen 
von der synthetischen Membran gegenUber 
Sauerstoff undurchlSssig ist, entweder der 
Fluidstrom eine Wasserstoff abgebende 



Substanz enthait oder eine Wasserstoff ab- 
gebende Substanz zusammen mit den Zell- 
membranfragmenten anwesend ist, und 
c) den entoxygenierten Fluidstrom entfernt. 

10. Verfahren nach Anspruch 9 mit dem Schritt, 
daB man die Geschwindigkeit des Fluidstroms 
steuert, so daB die gewOnschte Sauerstoffmen- 
ge entfernt wird. 

11. Verfahren nach Anspruch 9, wobei die Trager- 
ISsung eine Wasserstoff abgebende Substanz 
enthait. 

12. Verfahren nach Anspruch 11, wobei die Was- 
serstoff abgebende Substanz eine Verbindung 
ist, ausgewahit aus der Gruppe bestehend aus 
Milchsaure, Bernsteinsaure, alpha-Glycerol- 
phosphat, AmeisensSure und Apfelsaure. 



nas , Escherichia , Bacillus , Salmonella , Glucon- 
obacter und Pseudomonas . 

14. Verfahren nach Anspruch 9, wobei sich die 
TrMgerlosung bei einer Temperatur von etwa 5 
bis etwa 60 • C befindet. 

15. Verfahren nach Anspruch 9, wobei sich die 
Tra'gerlosung bei einem pH-Wert von etwa 3 
bis etwa 9 befindet. 



16. Vorrichtung zum Entfernen von Sauerstoff aus 
40 einem Fluidstrom, welche aufweist: 

a) eine DurchfluB-Reaktorkammer, die eine 
ausreichende Menge an Fragmenten einer 
als SauerstoffSnger wirkenden Zellmembran 
enthait, die ein Elektronentransportsystem 

45 aufweist, welches Sauerstoff zu Wasser re- 

duziert, urn die Umwandlung von in einem 
Fluidstrom vorhandenem Sauerstoff in Was- 
ser zu katalysieren, wobei die Fragmente 
darin auf eine Art und Weise enthalten sind, 
so die den freien Kontakt zwischen den Frag- 

menten und dem hindurchflieBenden Fluid- 
strom ermflglicht, entweder der Fluidstrom 
eine Wasserstoff abgebende Substanz ent- 
hait oder eine Wasserstoff abgebende Sub- 
55 stanz zusammen mit den Zellmembranfrag- 

menten anwesend ist, und 

b) eine Einrichtung zum EinfUhren eines 
Sauerstoff enthaltenden Fluidstroms in die 



20 

13. Verfahren nach Anspruch 9, wobei die Frag- 
mente der als Sauerstoffanger wirkenden Zell- 
membran von Bakterien, Hefe, Pilzen, Pflanzen 
und Tieren abstammen, die ausgewahit sind 
25 aus der Gruppe bestehend aus Rinderherz, 
Kartoffelknollen, Spinat, Saccharomyces , Neu- 
rospora , Aspergillus , Euglena , Chlamydomo- 



13 



25 



EP0 427 813 B1 



26 



DurchfluB-Reaktorkammer; und 
c) eine Einrichtung zum Entfernen des das 
entoxygenierte Wasser enthaltenden Fluid- 
stroms aus der DurchfluB-Reaktorkammer. 

17. Vorrichtung nach Anspruch 16, wobei die 
DurchfluB-Reaktorkammer weiter eine Wasser- 
stoff abgebende Substanz entha'lt. 

18. Vorrichtung nach Anspruch 16, wobei die 
DurchfluB-Reaktorkammer in Form einer um- 
schlossenen gepackten SMule vorliegt. 

19. Vorrichtung nach Anspruch 16, wobei die Frag- 
mente der als Sauerstofffanger wirkenden Zell- 
membran von Bakterien, Hefe, Pilzen, Pflanzen 
und Tieren abstammen, die ausgewahlt sind 
aus der Gruppe bestehend aus Rinderherz, 
Kartoffelknollen, Spinat, Saccharomyces , Neu- 
rospora , Aspergillus , Euglena , Chlamydomo- 
nas , Escherichia , Bacillus . Salmonella , Glucon- 
obacter und Pseudomonas . 

20. Vorrichtung zum Entfernen von Sauerstoff aus 
einem Fluidstrom, welche aufweist: 

eine DurchfluB-Reaktorkammer mit einem er- 
sten Abteil und einem zweiten Abteil, die von 
einer synthetischen Membran getrennt sind, 
die Sauerstoff durchtreten IMBt und den Durch- 
tritt des Fluids verhindert, wobei das erste Ab- 
teil abgesehen von der synthetischen Mem- 
bran gegenUber Sauerstoff undurchlSssig ist 
und eine Einrichtung zum Aufrechterhalten des 
Kontakts des Fluids mit einer Seite der synthe- 
tischen Membran und eine ZufluB- und AbfluB- 
einrichtung zum Leiten des Fluids in das erste 
Abteil hinein und daraus heraus besitzt, und 
wobei das zweite Abteil ein Tragerfluid besitzt, 
welches mit der zweiten Seite der syntheti- 
schen Membran in Kontakt steht, und Frag- 
mente einer als Sauerstoff anger wirkenden 
Zellmembran, die ein Elektronentransportsy- 
stem aufweist, welches Sauerstoff zu Wasser 
reduziert, entweder der Fluidstrom eine Was- 
serstoff abgebende Substanz enthalt oder eine 
Wasserstoff abgebende Substanz zusammen 
mit den Zellmembranfragmenten anwesend ist. 

21. Vorrichtung nach Anspruch 20, wobei das 
zweite Abteil weiter eine ZufluB- und Abfluflein- 
richtung zum Leiten der Tragerlosung in das 
zweite Abteil hinein und aus ihm heraus ent- 
hait. 

22. Vorrichtung nach Anspruch 20, wobei sich die 
Tragerlosung bei einer Temperatur von etwa 5 
bis etwa 60 • C befindet. 



23. Vorrichtung nach Anspruch 20, wobei sich die 
Tragerlosung bei einem pH-Wert von etwa 3 
bis etwa 9 befindet. 

5 24. Vorrichtung nach Anspruch 20, wobei die Tra- 
gerlosung weiter eine Wasserstoff abgebende 
Substanz enthalt. 

25. Vorrichtung nach Anspruch 24, wobei die Was- 
io serstoff abgebende Substanz eine Verbindung 

ist, ausgewahlt aus der Gruppe bestehend aus 
Milchsaure, BernsteinsMure, alpha-Glycerol- 
phosphat, AmeisensSure und Apfelsaure. 

75 26. Vorrichtung nach Anspruch 20, wobei die Frag- 
mente der als Sauerstoffanger wirkenden Zell- 
membran von Bakterien, Hefe, Pilzen, Pflanzen 
und Tieren abstammen, die ausgewahlt sind 
aus der Gruppe bestehend aus Rinderherz, 

20 Kartoffelknollen, Spinat, Saccharomyces , Neu- 

rospora , Aspergillus , Euglena , Chlamydomo- 
nas , Escherichia , Bacillus , Salmonella , Glucon- 
obacter und Pseudomonas . 

25 Revendications 

1. Proc6d£ d'ecoulement en continu pour I'ex- 
traction de I'oxygene d'un courant de fluide, 
comprenant les Stapes suivantes : 
30 a) on met en oeuvre un courant de fluide 

contenant de I'oxygene, 

b) on amene le courant de fluide a venir en 
contact avec une quantite* suffisante de frag- 
ments de membranes cellulaires, absorbant 

35 I'oxygene ayant un systeme de transport 

d'Slectrons qui rSduit I'oxygene en eau pour 
catalyser la transformation de I'oxygene 
contenu dans le courant de fluide en eau, 
lesdits fragments etant immobilises d'une 

40 maniere qui permet un contact libre entre 

I'oxygene contenu dans le courant de fluide 
et les fragments, le courant de fluide conte- 
nant un corps donneur d'hydrogene ou un 
corps donneur d'hydrogene £tant present 

45 avec lesdits fragments de membranes cellu- 

laires, et 

c) on s^pare le courant de fluide de*soxyg§- 
ne* des fragments immobilises. 

so 2. Proce*de" selon la revendication 1, comprenant 
une 6tape de r£glage du d£bit du courant de 
fluide en contact avec les fragments immobili- 
ses de telle sorte que la quantite" d£sir£e 
d'oxygene soit transformed. 

55 

3. Proc£de* selon la revendication 1, comprenant 
par ailleurs une 6tape d'addition d'un substrat 
organique au courant de fluide contenant I'oxy- 
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gene. 

4. Proc6d6 selon la revendication 3, dans lequel 
ledit substrat est un corps donneur d'hydroge- 
ne. 

5. ProcSdS selon la revendication 4, dans lequel 
ledit corps donneur d'hydrogene est un com- 
pose* choisi parmi I'acide lactique, I'acide suc- 
cinique, le phosphate d'alpha-glyceVol, I'acide 
formique et I'acide malique. 

6. Proce*de* selon la revendication 1, dans lequel 
les fragments de membranes cellulaires absor- 
bant I'oxygene d^rivent de bacteVies, de levu- 
re, de champignons, de plantes et d'animaux 
choisis parmi le coeur de boeuf, les tubercuies 
de pomme de terre, les epinards, Saccharomy- 
ces , Neurospora , Aspergillus , Euglena, Chla- 
mydomonas , Escherichia , Bacillus , Salmonella , 
Gluconobacter et Pseudomonas . 

7. Proc^de" selon la revendication 1, dans lequel 
le courant de fluide contenant I'oxygene est a 
une temperature d'environ 5 a environ 60 • C. 

8. Proc6de* selon la revendication 1, dans lequel 
'le courant de fluide contenant I'oxygene est a 
un pH d'environ 3 a environ 9. 

9. Procgde* d'ecoulement en continu pour I'ex- 
traction de I'oxygene d'un courant de fluide, 
comprenant les Stapes suivantes : 

a) on met en oeuvre un courant de fluide 
contenant de I'oxygene, 

b) on amene le courant de fluide a venir en 
contact avec le premier cote* d'une mem- 

' brane synthetique ayant un premier cote 
susceptible de laisser passer I'oxygene et 
d'emp§cher le passage dudit fluide, et un 
second cote susceptible de transferer de 
I'oxygene a une solution vehiculaire conte- 
nant des fragments de membranes cellulai- 
res absorbant I'oxygene ayant un systeme 
de transport d'electrons qui r£duit I'oxygene 
en eau, ledit contact se faisant dans un 
reservoir impermeable a I'oxygene except^ 

* a travers ladite membrane synthetique, le 
courant de fluide contenant un corps don- 
neur d'hydrogene ou un corps donneur 
d'hydrogene etant present avec lesdits frag- 
ments de membranes cellulaires, et 

c) on 6vacue le courant de fluide d6soxyg6- 
ne\ 

10. Precede selon la revendication 9, comprenant 
une etape de re"glage du debit du courant de 
•fluide de telle sorte que la quantite desire 



d'oxygene soit extraite. 

11. Procede selon la revendication 9, dans lequel 
ladite solution vehiculaire contient un corps 

5 donneur d'hydrogene. 

12. Proc£de selon la revendication 11, dans lequel 
ledit corps donneur d'hydrogene est un com- 
pose" choisi parmi I'acide lactique, I'acide suc- 

io cinique, le phosphate d'alpha-glycerol, I'acide 

formique et I'acide malique. 

13. Procede selon la revendication 9, dans lequel 
les fragments de membranes cellulaires absor- 

15 bant I'oxygene deVivent de bacteVies, de levu- 
re, de champignons, de plantes et d'animaux 
choisis parmi le coeur de boeuf, les tubercuies 
de pomme de terre, les epinards, Saccharomy- 
ces , Neurospora , Aspergillus , Euglena , Chla- 

20 mydomonas , Escherichia , Bacillus , Salmonella , 

Gluconobacter et Pseudomonas . 

14. Procede selon la revendication 9, dans lequel 
la solution vehiculaire est a une temperature 

25 d'environ 5 a environ 60 *C. 

15. Procede selon la revendication 9, dans lequel 
la solution vehiculaire est a un pH d'environ 3 
a environ 9. 

30 

16. Appareil permettant d'eiiminer I'oxygene d'un 
courant de fluide, comprenant : 

a) une chambre de reaction a flux traversant 
contenant une quantity suffisante de frag- 

35 ments de membranes cellulaires absorbant 

I'oxygene ayant un systeme de transport 
d'electrons qui r£duit I'oxygene en eau pour 
catalyser la transformation de I'oxygene 
present dans un courant de fluide en eau, 

40 lesdits fragments etant presents dans ladite 

chambre d'une maniere qui permet un 
contact libre entre les fragments et le cou- 
rant de fluide s'ecoulant a travers la cham- 
bre, le courant de fluide contenant un corps 

45 donneur d'hydrogene ou un corps donneur 

d'hydrogene etant present avec lesdits frag- 
ments de membranes cellulaires, 

b) des moyens d 'introduction d'un courant 
de fluide contenant de I'oxygene dans la 

so chambre r£actionnelle a flux traversant, et 

c) des moyens de separation du courant de 
fluide contenant I'eau desoxygenee de la 
chambre reactionnelle a flux traversant. 

55 17. Appareil selon la revendication 16, dans lequel 
ladite chambre reactionnelle a flux traversant 
contient par ailleurs un corps donneur d'hydro- 
gene. 
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18. Appareil selon la revendication 16, dans lequel 
chambre rgactionnelle a flux traversant se pre- 
sents sous la forme d'une colonne garnie fer- 
mde. 

19. Appareil selon la revendication 16, dans lequel 
les fragments de membranes cellulaires absor- 
bant I'oxygene sont tires de bacteVies, de levu- 
re, de champignons, de plantes et d'animaux 
choisis parmi le coeur de boeuf, les tubercules 
de pomme de terre, les epinards, Saccharomy- 
ces, Neurospora , Aspergillus , Euglena , Chla- 
mydomonas , Escherichia , Bacillus , Salmonella , 
Gluconobacter et Pseudomonas . 

20. Appareil d'extraction de I'oxygene d'un courant 
de fluide, comprenant une chambre re*action- 
nelle a flux traversant ayant un premier com- 
partiment et un deuxieme compartiment spa- 
res par une membrane synthetique susceptible 
de laisser passer I'oxygene et d'empecher le 
passage dudit fluide, appareil dans lequel ledit 
premier compartiment est impermeable a 
I'oxygene, excepte a travers la membrane syn- 
thetique, et possede de moyens pour maintenir 
ledit fluide en contact avec un cote de ladite 
membrane synthetique et des moyens d'ali- 
mentation et d'^vacuation pour acheminer le 
fluide dans ledit premier compartiment et hors 
de celui-ci, ledit deuxieme compartiment com- 
portant un fluide vehiculaire qui est en contact 
avec le deuxieme c6te* de la membrane syn- 
thetique et des fragments de membranes cel- 
lulaires absorbant I'oxygene ayant un systeme 
de transport d'electrons qui reduit I'oxygene en 
eau, le courant de fluide contenant un corps 
donneur d'hydrogene ou un corps donneur 
d'hydrogene etant present avec lesdits frag- 
ments de membranes cellulaires. 

21. Appareil selon la revendication 20, dans lequel 
ledit deuxieme compartiment comprend par 
ailleurs des moyens d'allimentation et d'6va- 
cuation pour acheminer ladite solution vehi- 
culaire dans le deuxieme compartiment et i'en 
evacuer. 

22. Appareil selon la revendication 20, dans lequel 
la solution vehiculaire est a une temperature 
d'environ 5 a environ 60 • C. 

23. Appareil selon la revendication 20, dans lequel 
la solution vehiculaire est a un pH d'environ 3 
a environ 9. 

24. Appareil selon la revendication 20, dans lequel 
ladite solution vehiculaire contient par ailleurs 
un corps donneur d'hydrogene. 



25. Appareil selon la revendication 24, dans lequel 
ledit corps donneur d'hydrogene est un com- 
pose choist parmi I'acide lactique, I'acide suc- 
cinique, le phosphate d'alpha-glycerol, I'acide 

5 formique et I'acide malique. 

26. Appareil selon la revendication 20, dans lequel 
les fragments de membranes cellulaires absor- 
bant I'oxygene sont tires de bacteries, de levu- 

10 re, de champignons, de plantes et d'animaux 

choisis parmi le coeur de boeuf, les tubercules 
de pomme de terre, les epinards, Saccharomy- 
ces , Neurospora , Aspergillus , Euglena , Chla- 
mydomonas , Escherichia , Bacillus , Salmonella , 

75 Gluconobacter et Pseudomonas. 
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